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604a Wednesday, February 11, 2015diffusion of excess protons along the phosphatidylcholine lipid bilayer/water
interface at different temperatures. The kinetics of proton arrival from a distant
spot of proton release to lipid-anchored fluorescent pH-sensitive dyes indicated
that the in vitro Gibbs activation energy DGz for proton surface-to-bulk release
harbours only a minor enthalpic constituent. We observed that more than 2/3 of
DGz are entropic in origin, which explains the high proton affinity to mem-
branes in the absence of a potent proton acceptor. This work was supported
by Grant P25981 from the Austrian Science Fund (FWF) to P.P.
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The influenza M2 protein is known to shuttle protons into the virion, facilitating
replication and maturation. Histidine 37 is thought to provide ‘‘shuttling’’ ac-
tivity to those protons, but the protonation states of the four His37 residues
in the tetrameric channel has not been definitively established. We use Raman
spectroscopy to collect the frequency of a C2-D probe group on His-37 in an
isotopically labeled version of the M2 transmembrane peptide. The C2-D fre-
quency reports directly on the protonation state of selected His residues in a
way that other experiments cannot. The data are used to identify His37 proton-
ation states in various pH conditions and to report directly on the activity and
dynamics of His37 with protons and water in its local environment.
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We present a numerical study of the effect of the laser spot size of a circularly
polarized laser beam on the energy of quasi-monoenergetic protons suitable for
particle cancer therapy in laser proton acceleration using a thin carbon-
hydrogen foil. The energy dosage distributions of impinging the generated pro-
ton beams into human tissues are also simulated, compared and analyzed. The
used proton acceleration scheme is a combination of laser radiation pressure
and shielded Coulomb repulsion due to the carbon ions. We observe that the
spot size plays a crucial role in determining the net charge of the electron-
shielded carbon ion foil and consequently the efficiency of proton acceleration.
Using a laser pulse with fixed input energy and pulse length impinging on a
carbon-hydrogen foil, a laser beam with smaller spot sizes can generate higher
energy but fewer quasi-monoenergetic protons. We studied the scaling of the
proton energy with respect to the laser spot size and obtained an optimal
spot size for maximum proton energy flux. Using the optimal spot size, we
can generate an 80 MeV quasi-monoenergetic proton beam containing more
than a hundred million protons using a laser beam with power 250 TW and en-
ergy 10 J and a target made of 90% carbon and 10% hydrogen, capable of treat-
ing tumor cells with depth up to 5 cm in human bodies.
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Using femtosecond transient absorption spectroscopy , we have characterized
flavin 1,N6 - ethenoadenine dinucleotide (ε-FAD), an analog of flavin adenine
dinucleotide (FAD), to understand the role of adenine in the photoinduced elec-
tron transfer (PET) reaction between reduced FAD (*FADH-) and thymine di-
mers during its repair in DNA photolyase. The adenine in FAD may serve as a
virtual or real intermediate in the PET reaction. ε-FAD was used to modify the
driving force between the adenine and its partners, providing data on parame-
ters and processes that dictate the kinetics and pathways of electron transport.
The neutral oxidized and the fully reduced anionic states of ε-FAD, FAD, and
flavin mononucleotide (FMN) in free solution exhibited multi-exponential
decay kinetics that reflect their excited state quenching pathways and possibleconformational heterogeneity. Generally, the introduction of the ε-Ade group
leads to much faster excited state decay in the reduced state. To investigate
this further, the evolution of the excited state was probed in the visible, near-
UV, and UVB spectral regions to determine whether PET was responsible
for the short-lived excited state. The significance of these results to the role
of the FAD adenine in DNA photolyase are discussed.
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TheType I photosynthetic reaction center, Photosystem I, is an exquisitely tuned
protein complex comprised of multiple polypeptide subunits and protein-bound
electron-transfer (ET) cofactors. Upon illumination, the special chlorophylls,
P700, are photoexcited which results in the rapid formation of the charge-
separated state, P700
þA0
-. In order to prevent charge recombination, the electron
is transferred to the phylloquinone cofactor, A1, and subsequently to three four
iron-four sulfur [4Fe4S] clusters, FA, FB, and FX, respectively. Through the ET
reactions of PSI, the reducing equivalents that are required for the carbonfixation
reactions are generated and stored as NADPH or ‘biohydrogen’. The PSI reac-
tion center displays pseudo-C2 symmetry, such that the ET cofactors, A0 and
A1, are duplicated in what is termed the A- and B-branch. Although ET is bidi-
rectional along the A- and B-branch, it has been demonstrated that ET in the
A-branch is highly preferred. This is thought to be due to the tuning of the
redox-potential of the ET cofactors by smartmatrix effects from the surrounding
protein environment. This research explores the electronic structure of the
primary electron acceptor A0 in the A-branch (A0A) through the use of two-
dimensional (2D) hyperfine sublevel correlation (HYSCORE) spectroscopy
in tandem with density functional theory calculations. The application of 2D
HYSCORE spectroscopy allows for the identification of the 14N atoms and pro-
tons that are magnetically interacting with the paramagnetic center of A0A
-. The
14N and 1H hyperfine parameters obtained here provide a direct measure of the
electron spin density distribution of A0
- in theA-branch of PSI. These are then be
compared with simulations of the electronic structure of the A-branch of Photo-
system I in order to better understand the mechanism of electron transfer from
P700 to the primary electron acceptor, A0A.
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Experimentally long-lived quantum coherences have been found in the Fenna-
Matthews-Olson (FMO) complex of green sulfur bacteria as well as in the
phycoerythrin 545 (PE545) photosynthetic antenna system of marine algae.
In the latter system the long-lived coherences are clearly visible also at ambient
temperatures. A combination of classical molecular dynamics simulations,
quantum chemistry and quantum dynamical calculations is employed to deter-
mine the excitation transfer dynamics in PE545. To be able to described the
excitation transfer and dephasing phenomena the spectral density is a property
a key importance. To this end a time series of the vertical excitation energies of
the individual pigments is determined. In a subsequent step. quantum dynam-
ical simulations are performed using the earlier QM/MM calculations as input .
Employing an ensemble-averaged classical path-based wave packet dynamics,
the excitation transfer dynamics between the different bilins in the PE545 com-
plex is determined and analyzed. Furthermore, the nature of the environmental
fluctuations determining the transfer dynamics is discussed.
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